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Abstract In butterflies, male wings are said to be more conspicuous or occasionally more 
brilliant than those of females (Darwin, 1874). However, the males of Narathura bazalus 
distributed from the Himalayas to Japan appear to have mostly black wings, whereas females 
possess a conspicuous blue mark on the forewing. This species, along with two related species 
N. japonica and Panchala ganesa, was examined for possible reflection of UV light. Specimens 
were photographed in UV light and also analyzed by spectrophotometry. XN. bazalus males 
clearly reflected UV light from the whole dorsal surface of the fore- and hindwings, and sexual 
difference in dorsal colors was large in N. bazalus and small in N. japonica with no difference 
in P. ganesa. 
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Introduction 


When sexual dimorphism in color pattern is seen in butterflies, the males usually show more 
conspicuous, frequently brilliant coloration (Darwin, 1874). As is readily noticed in the 
colored encyclopedia of butterflies in Japan (Kawazoé & Wakabayashi, 1976), the most 
conspicuous contrast between sexes in Japan is seen in a group of subtribe Theclina 
(Lycaenidae) in which the dorsal wing surface of males belonging to the genera Chrysoze- 
phyrus, Favonius (with one exception of F. yuasai), Neozephyrus and Sibataniozephyrus 
show a brilliant green to blue coloration whereas the females possess dark brown colored 
wings with an occasional small orange and/or blue mark on them. Many Japanese lycaenid 
species show light bluish color only for males, in contrast to the black coloration of females, 
as seen in the species of Niphanda, Pseudozizeeria, Zizina, Everes, Plebejus, Lycaeides, etc. 
When blue and black are seen on the wings of lycaenid butterflies, it is always males that 
possess a wider area of blue, occasionally spreading over the whole dorsal wing surface; 
Lampides, Nacaduba, Jamides, Glaucopsyche, Acytolepis, Celastrina, etc. Especially in 
Jamides bochus, only the male reflects strong glittering blue light, probably based on 
structural coloration as seen in Chrysozephyrus butterflies (Imafuku, 2002). Sexual dimor- 
phism in coloration is also seen in some nymphalid butterflies; Sasakia charonda and 
Apatura metis, for example, in which only the males have glittering wings. 


Contrary to these examples, males of Narathura bazalus belonging to family Lycaenidae 
appear to be an exception; wings of males of this species appear to be mostly black or to have 
a slightly dark bluish tint on the dorsal surface of the fore- and hindwings (Fig. 1), whereas 
the females have a conspicuous blue mark on the forewing. This exceptional case in 
Narathura bazalus may be derived from a difference in the perceptional ranges between 
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Fig. |. The dorsal wing surfaces of Narathura bazalus (left column), N. japonica (middle) and 
Panchala ganesa (right). The top two rows are males in natural color (top) and in 
UV-light images (the second row). The bottom two rows are females in the same 
arrangement as in males. The specimens were NBI! (male), NB4 (female) for N. 
bazalus, NJI (male), NJ4 (female) for N. japonica, PG1 (male) and PG4 (female) for P. 


ganesa. 


insects and humans; males of this species may reflect UV light which is seen by insects but 
not by humans (see Discussion), and thus the male wing of N. bazalus may be brilliant for 
them. We examined whether males of this species reflect UV light or not, along with 
examination of wing colors of the two related species Narathura japonica and Panchala 
ganesa. 
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Table 1. A list of specimens examined in the present study. 























specimen collection 

code Sex date locality 
Narathura bazalus 

NBI J 16-XI-1999 Shirahama, Wakayama 

NB2 J 29-V-2001 Tanabe, Wakayama 

NB3 ma 18-XI-2000 Asakura, Kéchi 

NB4 g 4-XJ-1999 Minabegawa, Wakayama 

NB5 g 5-XII-2000 Nakahechi, Wakayama 

NB6 9. 18-XJ-2000 Asakura, Kôchi 
Narathura japonica 

NJ Pa 3-X-1982 Nakahechi, Wakayama 

NJ2 a 30-IX-1982 Tanabe, Wakayama 

NJ3 ea 1-VIT-2000 Hikigawa, Wakayama 

NJ4 g 5-XII-2000 Nakahechi, Wakayama 

NJ5 2 22-XTH-1993 Tanabe, Wakayama 

NJ6 2 26-ITI-1996 Ishigaki, Okinawa 
Panchala ganesa 

NP1 7 25-VIII-2000 Ôtô, Wakayama 

NP2 J 23-VII-2000 Kozagawa, Wakayama 

NP3 J 24-VII-1989 Kozagawa, Wakayama 

NP4 2 25-VIII-2000 Ôtô, Wakayama 

NP5 g 23-VTI-2000 Kozagawa, Wakayama 

NP6 g 24-VII-1989 Kozagawa, Wakayama 











Materials and methods 


Narathura bazalus (Hewitson), N. japonica (Murray) and Panchala ganesa (Moore) were 
examined. All these species belong to tribe Arhopalini, subfamily Theclinae, and their 
larvae feed on buds or leaves of oak trees mainly Pasania edulis Makino, Quercus glauca 
Thunb. and Q. gilva Blume, respectively (Fukuda et al., 1984). In Japan, they live in laurel 
forests of the eastern to western part. The examined specimens were listed in Table 1, mostly 
obtained from Wakayama and Kéchi Prefectures. 


Photographing 


UV and ordinary photos were taken. The specimens were placed under direct sunlight from 
9 : 00-10 : 30 of fine weather days in December 2001. The light illuminated the wing surface 
from the front at an angle of ca 25° from a horizontal plane. A simple lens (35 mm lens, 
Nikkor) was used to reduce absorption of UV light by an ordinary glass lens (Eguchi & 
Meyer-Rochow, 1983), with an extension tube (E2 for Nikon F) which advanced the lens by 
13 mm. 


For UV-light photos, a UV-filter (Optical Coatings Japan Co., Ltd, the peak wavelength of 
penetration 360.1 nm, the breadth of more than 50% penetration of the peak was 20 nm) was 
attached on the lens of the camera (Nikon F). A high-speed film (Neopan 400, Fujifilm) 
was used with an exposure time of 8 seconds and an aperture of 8.0. Because photographing 
under UV-light required a shorter distance than that under visible light, the distance between 
the lens and the specimen was empirically determined. For colored photos, ordinary 
positive film (Provia 100F, Fujifilm) was used (exposure time 1/60 seconds, aperture 11). 
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Fig. 2. Reflectance spectra of the dorsal wing surface for Narathura bazalus (left top), N. 
japonica (left bottom) and Panchala ganesa (right top), and of the ventral surface for the 
three species (right bottom). The same specimens as shown in Fig. 1 were used for this 
analysis. 
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Fig. 3. The peak wavelength reflected from the dorsal wing surface for males and females of the 
three species. Symbols indicate the numerical parts of the individual code; circles for 1 
(male) and 4 (female), squares for 2 (male) and 5 (female), and triangles for 3 (male) and 
6 (female). 


Spectrophotometry 


Wing colors of the specimens were analyzed by a spectrophotometer (Shimadzu, UV1900) in 
a range from 200 to 700nm. The colored or central part (for a N. bazalus male) of the 
dorsal surface of the left forewing was used for analysis of the wing color, and the central part 
of the ventral surface of the hindwing was measured as colors viewed on a resting butterfly. 
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Results 


The male of Narathura bazalus clearly reflected UV light from almost the whole dorsal 
surface of the fore- and hindwings (Fig. 1, the second row of the left column). The peak 
wavelength was 315 nm (Fig. 2, left top), and almost no reflection in a range of our visible 
wavelengths over 400 nm. UV reflection was also observed in the female wings of this 
species, but only in the area where we perceive as blue (Fig. 1, the bottom of the left column). 
The peak wavelength in the female was 385 nm, with a shoulder extending to our visible 
range at 500nm. A difference in wavelength between males and females was 65 nm on 
average (Fig. 3). 


The dorsal wing surface of Narathura japonica appeared purple to blue in males and females 
(Fig. 1, the middle column). The peak wavelength was 370 nm for the male and 395 nm for 
the female (Fig. 2, left bottom). The average difference in the peak wavelengths between 
sexes was approximately 20 nm in N. japonica. 


Males and females of Panchala ganesa showed a light sky blue reflectance on the dorsal 
surface of the wings (Fig. 1, the right column), the peak wavelengths being approximately 410 
nm, with no sexual difference (Fig. 2, right top). 


The ventral surface of the 3 species examined shows no peak from 300 to 700nm. The 
brownish tint of N. bazalus and N. japonica was caused by an overall lower reflectance with 
gradual elevation in longer wavelengths (Fig. 2, right bottom), and a whitish gray color of the 
P. ganesa wing was shown with a relatively higher reflectance in the examined range of 
wavelengths. 


Discussion 


The male of Narathura bazalus was found to reflect UV light from the whole dorsal surface 
of the fore- and hindwings. This suggests that the male wings of this species seem to be 
clearly “colored” for conspecific members and also for heterospecific individuals, because UV 
perception is known for many insects including butterflies. Kühn (1927) succeeded in 
conditioning bees with UV lights of 365 nm and also of 313 nm. Weiss (1943) gathered 
many insects including various coleopteran species and Drosophila melanogaster to a light of 
365 nm over the other wavelengths. In butterflies, the response to UV light reflected from 
wings of conspecific butterflies has been shown for Pieris rapae (Obara, 1970), P. protodice 
(Rutowski, 1981), Eurema lisa (Rutowski, 1977) and Colias eurytheme (Silberglied & 
Taylor, 1978). Perception of UV light is also proved electrophysiologically for Papilio 
xuthus (Arikawa et al., 1987) and Lycaena heteronea and L. rubidus (Bernard & Remin- 
gton, 1991). Thus, Narathura bazalus is not an exception to the general trend that wings of 
male butterflies are more conspicuous in color than those of females. Under the UV-light 
condition, patterns that are utterly different from those seen in the visible light are known for 
Gonepteryx rhamni (Mazokhin-Porshniakov, 1957), Sasakia charonda (Eguchi & Meyer- 
Rochow, 1983) and Lycaena salustius (Meyer-Rochow, 1991). 


The three species of Narathura and Panchala examined all reflected blue to UV lights. UV 
reflection was also shown for a N. japonica female by Eguchi & Meyer-Rochow (1983). 
Specific differences in peak position, especially in males, are found in the present study. 
Narathura bazalus showed the largest difference between sexes, with N. japonica next. No 
difference was found in Panchala ganesa. As the sexual difference increased, the position 
of the peak wavelength in males shifted to a shorter range, as seen in Fig. 3, while almost no 
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clear shift was found in females. Thus, males showed more specific coloration than females, 
a trend known for coloration in many animals, as pointed out by Darwin in 1874. 


The reflection pattern of UV light in Narathura bazalus (Figs. 1) resembles that of Chrysoze- 
phyrus butterflies. Males of Chrysozephyrus butterflies show brilliant green reflected from 
the whole dorsal wing surface of the fore- and hindwings with narrow black margins, whereas 
females possess a mark on the dorsal wing surface only of the forewing (Imafuku, 2002), as 
seen in N. bazalus. N. bazalus and the two related species examined belong to tribe 
Arhopalini, and Chrysozephyrus belongs to tribe Theclini, both being positioned under the 
subfamily Theclinae (Fukuda et al, 1984). Theclini contain sexually dimorphic species 
such as Chrysozephyrus and Favonius as well as monomorphic species such as Japonica and 
Antigius, and the dimorphic species are positioned as advanced and the monomorphic ones 
as primitive, from morphological examinations (Shirôzu & Yamamoto, 1956). If this could 
be applied to the species examined in the present study, N. bazalus is an advanced species and 
P. ganesa is a primitive one. This extrapolation, however, may be too simple, because 
approximately 200 species are known for Arhopalini (Kawazoé & Wakabayashi, 1976), and 
more than 160 species even in the genus Narathura from Southeast Asia (Lewis, 1973). A 
systematic overview of these species is needed. 
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tii = 
LAVA VY IN X DIEOWNE k SARI BO (GRE i 1. PTA OH) 


HE CISTED ADS IE K OYRF CHS &EBDNTWS (Darwin, 1974) dS, MOHITHT SAD AVN 
Ald, EDATE R O iO L EAA RE OAD DDT, PAOKIAMBbNS. Fr 
T, ZORE EOHROADPEY VS EN -H-SKAYYSIZOWT, MPs DRAR E SRLS 
LXER Eo CHAK. ZOR, ADVE YON ORAA OW MAK? © AAR BRR 
LTZ 2 ESbPok. REEDE, AFTEYNACHDLOKK<, MOTAIVHEY 
YS, EULTV—S AVY = CHEDBRY ONADA. 
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